enhances the stereoselectivity of the reaction.
The use of light as the activation energy for photochemical reactions is being extensively investigated due to the availability of this inexpensive and clean natural resource. 1 An ideal component of such a photodriven chemical process is a 15 porphyrin. They are attractive compounds for applications in photochemical reactions, in particular oxidation reactions because they absorb strongly in the visible spectrum and their properties can be easily tuned by attaching different substituents to the macrocycle and/or inserting different metal centers. 2 It has been 20 reported that such metal catalysts can readily epoxidise alkenes with molecular oxygen as oxidant and an aldehyde as coreductant. 3 Mechanistic studies have shown that the epoxidation of alkenes by O 2 in the presence of Mn-porphyrins and isobutyraldehyde occurs via a free radical mechanism through a 25 high-valent metal oxo intermediate, which reacts with the alkene. 4 Here, we report on a new supramolecular catalyst (Mn-TAP, see Fig.1 ), based on a 1,3,5-benzene tricarboxamide (BTA) core, substituted with three Mn porphyrins, for the photocatalytic epoxidation of cis-stilbene with O 2 . BTA derivatives have been 30 shown to self-assemble in organic solvents into helical supramolecular stacks stabilised by a three fold hydrogen bonding network and л-лstacking interactions. 5 Structurally similar TAP has been shown to form well-defined columnar stacks in both solution and at a surface, 6 Fig. 1 . Molecular 35 modelling and scanning tunnelling microscopy (STM) studies of these stacks point to the presence of small spaces between adjacent porphyrins in these stacks, ideal for substrate selective catalysis. Assuming that Mn-TAP self-assembles in a similar way to its metal-free derivative, we decided to use theses spaces as 40 cavities in which an alkene can bind and be catalytically oxidised by the proximal manganese catalyst. It has also been previously shown that the introduction of a bidentate ligand such as 1,4diaza [2,2,2] bicyclooctane (DABCO) to the TAP system can influence the stability and number of cavities within a stack. This 45 ligand can bind in a sandwich-like fashion between two neighbouring Mn-porphyrin moieties electronically activating the catalyst. Experiments were carried out with cis-stilbene as a model substrate and the effects of the reaction conditions, including the effect of light, on its epoxidation with molecular oxygen as 60 oxygen donor and isobutyraldehyde as oxygen carrier in the presence of Mn-TAP were investigated. For comparison, reactions were also performed with the tetrasubstituted monomeric Mn-porphyrin, Mn-P (Fig. 1 ). The amount of DABCO was fixed to 2 equivalents with respect to Mn centres and the reactions were carried first using a Xenon lamp (150 W, spectral distribution 240-2000 nm) as intense light source and at room temperature. Under these standard conditions, cis-stilbene was totally converted with 0.1% mol. of Mn-TAP.
The turnover frequency of the catalyst (TOF, measured when 5 the substrate was totally consumed) was 32 min -1 . 1 H NMR analysis of the crude reaction mixtures confirmed that the oxidation reaction was completely chemoselective towards epoxides, without the occurrence of ring-opening side reactions ( Fig. 1S ).
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Control experiments to analyse the influence of light, catalyst, and the presence of isobutyraldehyde were performed (Table 1) . Light was found to be crucial for the epoxidation to occur: no conversion of alkene was observed in the dark at room temperature. Slower reactions were observed under ambient 15 sunlight conditions, even when the reaction mixture was heated to 40 °C (Table 1 ). It is clear that light enhances the rate of the catalytic reaction. In the absence of Mn-TAP, no significant substrate conversion occurred and with only 2% epoxide produced, indicating that the presence of a porphyrin is important 20 for the epoxidation reaction to occur efficiently. The small amount of product formed can be attributed to a reaction between the alkene substrate and radicals generated from the autooxidation of the aldehyde. 4 It was also observed that no epoxide was obtained in their absence of either isobutyraldehyde or 25 molecular oxygen. Experiments carried out in air and ambient sunlight, resulted in slower reaction rates, yielding only 15% of epoxide after 10 min and 41% after 60 min.
The results indicate that the catalyst is activated by light, probably by a photoexcited state on the porphyrin that allows the 30 activation of the oxygen at room temperature. The mechanism of alkene epoxidation by O 2 in the presence of metal porphyrins and aldehyde as an oxygen acceptor has been previously investigated. 4 It was postulated that the reaction proceeds via a free radical mechanism. In order to prove the presence of radicals 35 in our system using Mn-TAP as a catalyst, a radical inhibitor (2,2,6,6-tetramethyl-1-piperidinyloxy, TEMPO, 0.625 mmol) was added to the epoxidation reaction mixture under the standard conditions. In agreement with early studies, the epoxidation of cis-stilbene was fully quenched. Although it is known that 40 porphyrins and phthalocyanines, especially the zinc derivatives, can act as photosensitizers and trigger the formation of 1 O 2 , 7 this was not observed when manganese-corroles were used as catalysts in the photocatalytic oxidation of PPh 3 . 8 The presence of oxygen radicals can be probed using 9,10-dimethylalthracene 45 (DMA). 9 The reduction in the intensity of bands between 300 and 400 nm in the UV-visible absorption spectra of DMA, should be observed if 1 O 2 is present. Following this approach, Mn-TAP (10 -5 M) and (DMA 10 -3 M) were dissolved in dichloromethane in an oxygen atmosphere, the mixture was irradiated with a Xenon 50 lamp for 1 min. Substantial changes in the UV-vis absorption spectra of the mixture before and after the exposure to light and oxygen were observed (Fig. 2S) . After the exposure the spectra showed the loss of all peaks belonging to DMA, suggesting that 1 O 2 is involved in the oxidation process. 55 Dynamic Light Scattering (DLS) measurements were performed to investigate whether Mn-TAP displayed the same self-assembly behaviour as the previously reported metal-free porphyrins trimers. 6 According to DLS, a homogeneous solution of Mn-TAP in cyclohexane with various amounts of DABCO 60 present (0-10 equivalents), contained aggregates with an average size of 350 nm (Table 1S ). In all cases the polydispersity index was high indicating a mixture of different stack lengths. The same Mn-TAP-DABCO mixtures in dichloromethane contained much shorter aggregates, which were not detectable by DLS. 65 These studies demonstrate that the polarity of the solvent has a profound influence on the length of the stacks, because a decreasing in solvent polarity gives rise to stronger intermolecular hydrogen bonding and desolvation of the aromatic porphyrin planes. The presence of a Mn centre in the porphyrins 70 is expected to result in a decrease in the length of the stack compared to metal free porphyrin trimers due to the presence of the axially coordinating chloride ligand, which hinders the selfassembly process.
Having shown that the Mn-TAP indeed forms large assemblies 75 in solution, the effect of the supramolecular structure on the epoxidation reaction was analysed in terms catalyst stability and trans/cis product stereoselectivity. To test the stability of the catalyst, Mn-TAP was exposed to molecular oxygen and light under standard conditions in dichloromethane and cyclohexane. 80 Under the above conditions, Mn-TAP was found to be stable for 2 hours in an oxygen atmosphere in the dark at room temperature, but it was found to slowly decompose under intense light, as shown by the changes in the absorption spectrum (Fig. 3S, 4S ). The Soret band (481 nm) and the broad bands between (320 and 85 430 nm) gradually decreased in intensity. This decrease was oxygen independent and was not recovered after keeping the reaction mixture for 2 h in the dark again, followed by exposure to high intensity.
In the presence of DABCO, a bifunctional axial ligand, UV-vis 90 experiments revealed that in both solvents the stability of the catalyst was increased at higher concentrations (Fig. 5S) . The Mn-TAP was more stable in cyclohexane than in dichloromethane. For comparison, the stability of molecularly dissolved Mn-P was studied under the same conditions. In 95 comparison with Mn-TAP, the decomposition of Mn-P was found to be concentration dependent, but significantly higher in all cases (Fig. 6S) .
In order to study the effect of the supramolecular structure of the catalysts on their stereoselectivity, the photocatalytic 100 epoxidation of cis-stilbene was carried out with Mn-TAP and Mn-P in cyclohexane and dichloromethane, in the presence of DABCO as an axial ligand.
As shown in Table 2 , in both solvents trans-stilbene oxide was the main product when Mn-TAP was used as a catalyst. The 105 reaction rate and the final epoxide yield were higher with Mn-P as catalyst compared to Mn-TAP in dichloromethane. The ratio trans/cis epoxide however is in both cases higher when Mn-TAP is used as a catalyst. Intriguingly, the larger aggregates of Mn-TAP, which are present in cyclohexane, lead to a significantly 110 higher trans/cis stereoselectivity. In addition, the trans-epoxide is the dominant product even was at low conversion values (Table  2) . We propose that the stereoselectivity of the trans-stilbene oxide originates from the confined reaction spaces present in the stacks of Mn-TAP. The olefin interacts with the Mn centres and According to this hypothesis, higher ratios of trans/cis stilbene oxide should be generated in solvents that contribute to the formation of larger aggregates which is in line with the results shown in Table 2 . If olefin has to penetrate the catalytic stack then the reaction is expected to be slower than in the case of 15 molecularly dissolved porphyrin catalysts, where such a steric hindrance is absent. This effect is also observed ( Table 2) .
The influence of DABCO on the catalytic performance of Mn-TAP is shown in Fig. 3 . By increasing the amount of DABCO with respect to Mn-TAP the stacks become shorter according to 20 the DLS measurements (Table 1S ). In the absence of DABCO, more epoxide is formed in both solvents, but stereoselectivity is almost absent. In cyclohexane, an increase in the amount of DABCO leads to a gradual decrease in the yield of epoxide, but at the same time the selectivity for the formation of trans-stilbene 25 oxide becomes far more pronounced, again in line with the confined cavity hypothesis. In dichloromethane, where the stacks are much shorter or even completely absent, the epoxide yield remains constant up to the addition of 2 equivalents of DABCO and then gradually decreases. At the same time, the trans/cis ratio 30 only slightly increases, which is in stark contrast to the selectivity observed in case of catalysis using Mn-TAP in cyclohexane.
In conclusion, we have developed a new photocatalytic selfassembled system composed of manganese porphyrin trimers, which has been used for the epoxidation of alkenes with 40 molecular oxygen as oxidant. In the supramolecular stacks formed by the catalyst, confined spaces are located between the porphyrins molecules. These small cavities enhance the stereoselectivity of the reaction in the sense that predominantly trans-stilbene oxide is formed, not the energetically favourable 45 cis-stilbene. Current studies are aimed at driving selective epoxidation of alkene mixtures with manganese porphyrin trimers by hindering the access of more bulky substrates, using different axial ligands which can tune the size of the cavities. 
